The syntheses and single crystal X-ray structures of suggests that 5-nitroquinoline is more strongly coordinated to the silver ion.
Introduction
As the problems associated with multi-drug resistant strains (MDRS) of bacteria are serious and increasing, 1 the chemical and pharmaceutical sectors community cannot leave any stone unturned in the quest for solutions. Silver and Ag(I) compounds, especially silver sulfadiazine, are used clinically to prevent infections in burns and wounds, 2 and they appear to have potential against MDRS. However, while the in vitro antimicrobial effect of silver-containing wound dressings is undisputed, clinical efficacy has not been demonstrated unequivocally, 3 due to difficulties with in vivo testing and because these materials are considered medical devices rather than drugs, and are therefore not subject to the same regulations. An additional concern is the potential development by bacteria of resistance to silver and the possible coupling of this to antibiotic resistance, which means that the appropriate use of silver compounds may be a difficult balancing act. 4 It should be noted that the biological activities of silvercontaining compounds have also been assessed for purposes other than wound healing.
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More efficient ways are needed for exploiting the antimicrobial properties of silver-containing compounds, so as to minimize the overall exposure to silver, both for medical and environmental 6 reasons. Research is ongoing in many laboratories, with only a few recent examples cited here. 7 We have reported that silver compounds with nicotinic acid derivatives are active against clinical isolates of MDRS of Staphylococcus aureus, Streptococcus pyogenes, Proteus mirabilis, and Pseudomonas aeruginosa. 8 These compounds showed stronger in vitro bactericidial activities than silver sulfadiazine against these organisms, with the exception of S. aureus, against which the drugs had similar activities. 2a As a extension of these structural 9 and antimicrobial 10 studies, we here present information on the synthesis and X-ray structures of six new Ag(I) compounds (1) (2) (3) (4) (5) (6) with quinoline-derived ligands (Chart 3 1). The antimicrobial activities of compounds 1, 2 and 6 for 15 MDRS isolated from diabetic foot ulcers were examined, using silver sulfadiazine as the standard. In addition, compound 1 was also screened against four standard laboratory bacterial strains in both a Minimum Inhibitory Concentration (MIC) test and a time-kill experiment.
The rationale for using quinoline-type ligands is that they have been shown to be biologically active; 4-and 8-aminoquinoline-based compounds are used as anti-HIV and anti-malaria drugs, as well as pharmacologic antagonists in neurotoxin poisoning. 11 In addition, alkyl-quinolines have high toxicity for aquatic bacteria and fish, which is correlated with the alkyl chain length and positions of the substituents. Another advantage of quinoline ligands is their structural features. We are especially interested in how the π-π stacking, which is one of the important interactions between molecules that contain fused polycyclic aromatic rings (e.g., quinolines), affects the overall structure of these Ag(I) complexes. Does the π-π stacking override, or perhaps enhance, the Ag(I) preference for linear coordination? Is the hard nitrate ion forced into contact with the silver ion to avoid the highly hydrophobic environment of the fused rings, or is the water of crystallization "used" by the nitrate ion to reduce its charge and hardness? As a complementary tool to individual atom-atom geometry measurements, we have 4 visualized the intermolecular interactions through analyses of the Hirshfeld surfaces. 13 We have also compared compounds 1-6 to the known structures of unsubstituted quinoline Ag(I) compounds.
A search of the Cambridge Crystallographic Database (CSD) 14 revealed 55 Ag(I) structures with different quinoline-type ligands, although compounds based on the ligands used in the present study
were not found. The crystal structures of the pure ligands, with the exception of 6-quinolinecarboxylic acid 15 , have not been determined to date.
It should be noted that Ag(I) coordination geometries with pyridine-type ligands are extremely flexible, and are on the brink of being unpredictable. This has lead to an enormous variety of coordination polymers (note that this term is currently under IUPAC review 16 ): e.g., the pyrazines reviewed recently by Steel and Fitchett, 17 and the 1D cases examined by Champness and co-workers in 2001. 18 Previously, we investigated the structures in the CSD that contain silver, a pyridine fragment, and a nitrate counter ion, and we found a correlation between the N-Ag-N angle and the Ag…O distances. 19 Recently, it has been suggested that in the case of hydrophobic ligands that have hydrophilic substituents, the nitrate groups tend to be either assembled around Ag(I) ions or hydrogen-bonded to the hydrophilic substituents of the ligand.
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With respect to biological activity, it is important to consider the chemistries in solution of silver and compounds thereof, 20 as speciation in solution is likely to be an important factor. Therefore, we performed electrospray ionization (ESI) MS studies on compounds 3 and 6 in DMSO/MeOH, and 1 H-NMR titrations of DMSO solutions of 5-nitroquinoline and 8-nitroquinoline with AgNO 3 corresponding to compounds 1 and 2.
Experimental
Materials and Instrumentation. All chemicals and solvents were of analytical grade and used without further purification. All preparations and manipulations were performed under aerobic conditions. Infrared spectra were recorded on a Bruker IFS-125 model FT-IR spectrophotometer as KBr pellets.
Powder X-ray diffraction patterns were recorded on Siemens Smart D5000 powder diffractometer.
High-resolution ESI-MS analyses were performed on a Bruker APEX-Qe hybrid quadrupole
Fourier antiform ion cyclotron resonance (Q-FT-ICR) mass spectrometer, equipped with an Apollo-II ESI source and a 4.7-T superconducting magnet. The instrument was operated in both 5 positive and negative ion modes. Elemental analyses were performed by Mikroanalytisches Laboratorium Kolbe (Mülheim an der Ruhr, Germany).
NMR spectroscopy
NMR spectra were recorded in DMSO-d 6 on a Varian VNMR-S 500 MHz spectrometer thermostated at 298 K with the solvent as internal standard. The solid forms of 1 and 2 were dissolved in DMSO-d 6 .
For the titration experiments, the starting concentration of 5-nitroquinoline was 4.60 mM and this solution was titrated with a 4.87-mM solution of AgNO 3 , while the starting concentration of 8-nitroquinoline was 3.85 mM and this solution was titrated with a 7.85-mM solution of AgNO 3 . After the additions, the solutions were mixed with a vortex stirrer, reinserted in the probe, and the 1 H-NMR spectra were recorded. The residual solvent peak was monitored to ensure that no drift occurred.
X-ray crystallography. Crystallographic measurements were made on a Siemens Smart CCD diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) at 173 or 153 K. CCD data were integrated with the SAINT package 21 and a multi-scan absorption correction was applied using SADABS. 22 All structures were solved by direct methods and refined against all F 2 data by fullmatrix least-squares (SHELXL97 23 ), including anisotropic displacement parameters for all non-H atoms. Hydrogen atoms were refined isotropically with use of geometrical constrains: aromatic hydrogen atoms were refined for all compounds isotropically with U iso (H) =1.2U eq (C), and their positions were constrained to an ideal geometry using a riding model, (C-H = 0.95 Å). For compound 2, the water hydrogens were located on the difference Fourier map and refined with restraints on distances O-H 0.84(2) Å and with a common U iso . For compound 3 the C-C-H angles (109.5°) were kept fixed for the methyl hydrogens, while the torsion angle was allowed to refine with the starting positions based on the circular Fourier synthesis averaged using the local 3-fold axis with U iso (H) =1.5U eq (C), and a constrained C-H distance of 0.98 Å was applied. For compound 6, C-O-H angles (109.5°) were kept fixed for the hydroxy group hydrogens while the torsion angles were allowed to refine with the starting positions based on the circular Fourier synthesis with U iso (H) =1.5U eq (O), and a 
Determination of Minimum Inhibitory Concentration (MIC).
The antimicrobial activities of compounds 1-2 and 6 were determined according to the recommendations of the National Committee The plates were incubated at 37°C under aerobic conditions. The CLSI guidelines for antibacterial susceptibility determination of streptococcal species required incubation in 46 % CO 2 at 37°C.
The time-kill kinetics were determined at 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 17 , and 24 h after initial incubation, measured as the OD 650 and confirmed with post-CFU plate counting as quality control. The activities of the antimicrobials were determined by plotting the OD 650 values against time.
Results and Discussion
Syntheses. The compounds were synthesized by the direct mixing of AgNO 3 (in water) and the corresponding quinoline derivatives (dissolved in ethanol) at a molar ratio of and compound 4 20% of the overall product).
Compounds 1 and 3 were also prepared by solid-state grinding. However, trials to make pure samples of compounds 4 and 5 in this way failed. In this case new solid products, indicated by a substantial increase in melting temperature, with unidentifiable powder X-ray diffractograms were obtained. (5) Å, while the N-Ag-N bond angles are 142.7(12) and 144.1(13)°. In both compounds, the aromatic rings of the quinoline ligands are oriented anti to each other.
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Hirshfeld surface analysis The strength of the π-π stacking interaction is primarily dependent upon three parameters: the centroid-centroid distance (~3.8 Å); the angle (β) between the normal to the ring;
and a vector between the ring centroids (~20°) 25 . However, this interaction can also be visualized using the so-called 'Hirshfeld surfaces'. This is a geometrical representation used to illustrate intermolecular interactions, such as π-π stacking and hydrogen bonding, in supramolecular structures. Even weak interactions, such as C-H…π, C…H, and H…H contacts, which are sometimes difficult to identify and are important for crystal packing, can be clearly observed. 13a,13d The Hirshfeld surface is defined by w(r) = 0.5, where the weight function w(r) is given by:
The weight function represents the ratio of the sum of spherical atom electron densities for a molecule to a similar sum for the whole crystal. 13c In the present study, we mapped the Hirshfeld surfaces as normalized contact distances d norm , defined in terms of d i , d e and the van der Waals radii of the atoms using the following color scheme: red (distances shorter than the sum of the van der Waals radii); and white through to blue (distances longer than the sum of the van der Waals radii). The curvedness of the Hirshfeld surfaces are presented with the following color scheme: green (flat surfaces); and blue (the edges).
13b,13d
The crystal structures and the Hirshfeld maps for A and B are shown in Figure 1 
Structural descriptions for compounds 1-6
Of the six Ag(I) compounds examined in the present study, four are monomeric (1, 2, 5, and 6) and two are 1D-coordination polymers (3 and 4) . They all have distorted linear and trigonal planar coordination geometries around the Ag(I) ions, depending on whether or not the nitrate is coordinated. We have previously reported a correlation between the N-Ag-N bond angles and Ag…O bond distances with nitrate groups as counter-ions, and shown that the stronger the Ag…O interaction, the greater the N-Ag-N bond angle, thereby accounting for the trigonal planar geometry. 19 Recently, we proposed that this interaction could be interpreted on the bases of the hydrophilic and hydrogen bonding properties of the ligands. Thus, in the case of hydrophobic ligands having hydrophilic substituents, the nitrate groups tend to be either assembled around the Ag(I) ions or are hydrogen-bonded to the hydrophilic substituents of the ligand. In the case of a stronger hydrophobic environment, a trigonal coordination geometry and an Ag-ONO 2 bond were more likely to be observed. Here, we will first discuss the individual compounds and examine how their structures accord with the hydrophobicity concept. Thereafter, we will analyze the Hirshfeld surfaces of the structures.
[Ag(5-nqu) 2 ]NO 3 , 1
The atom numbering scheme is shown in Figure 2 . The Ag(I) ion is coordinated to two 5-nqu ligands, each via the nitrogen atom of the quinoline ring, forming a distorted linear coordination geometry with Ag-N bond distances and an N-Ag-N bond angle comparable to those of the linear compound A (see Table 2 ). The 5-substituted aromatic rings of the quinoline moieties are anti to each other, as in compounds A and B, and are not co-planar. Both the Ag(I) and NO 3 groups are positioned on a two-fold axis, although there is no direct interaction between these groups; the shortest Ag...O distance is 3.778(2) Å. Numbering scheme for compound 1 with atomic displacement ellipsoids drawn at the 50% probability level and the Ag(I) atom depicted as a sphere. For the symmetry codes, see Table 2 . The packing diagram for compound 1 is shown in Figure 3 . The relatively short distances between the 5-nitro groups of the adjacent molecules O21…O21 vii and O22…O22 viii are is 3.277(3) Å and 3.063(3) Å, respectively (the sum of the van der Waals radii is 3.04 Å) 26 The symmetry codes [(vii), -x+2,y,-z+3/2; (viii), -x+1,y,-z+3/2] may indicate a repulsion that has caused the nitro group to rotate around the C-N bond and depart from the plane defined by their quinoline rings with distances of -0.796(4) Å and 0.770(4) Å for O21 and O22, respectively. Although the nitrate anion forms weak hydrogen bonds, it does not form any strong interactions with the silver ion.
[Ag(8-nqu) 2 ]NO 3 .H 2 O, 2
The crystal structure of compound 2 contains the crystallographically independent complexes a and b, the atom numbering schemes for which are shown in Figure 4 N1A-Ag1-N1B 169.40 (7) N1A-Ag1-O11 94.31 (7) N1B-Ag1-O11 94.98 (7) N1A-Ag1-O1B 101.11 (7) N1B-Ag1-O1B 73.04 (6) O11-Ag1-O1B 149.37 (7) N1C-Ag2-N1D 169.68 (7) N1C-Ag2-O12 94.51 (8) N1D-Ag2-O12 95.81 (8) N1C-Ag2-O1D 98.59(7)
N1D-Ag2-O1D 72.16 (7) O12-Ag2-O1D 150.31(7)
In contrast to compounds A, B, and 1, the two aromatic rings in compound 2 are syn to each other in both complexes and the quinoline moieties in both complexes are more tilted than those in 1 due to steric hindrance by the two nitro groups; the dihedral angles are 57.67(4)° and 59.17(4)° for complexes a and b, respectively. This potent hindrance may account for the formation of longer Ag-N bond distances, i.e., 2.303(2)-2.336(2) Å, and smaller N-Ag-N bond angles, i.e., 169.40(7) ° and 169.68(7)°, than in compounds 1 and A. The packing arrangement is shown in Figure 5 . The strong hydrogen bonds (Table 4) between the water molecules and nitrates form zigzag chains running in the a-direction ( Figure 6 ). Significant π-π stacking was also found, and this is discussed below. Hydrogen bonds between the nitrate groups and water molecules in compound 2. For the symmetry codes, see Table 4 . Symmetry codes: (i), x+1,y,z; (ii), -x+1,-y,-z+1; (iii), -x,-y,-z+1; (iv), x-1,y,z.
[Ag(mnqu)(NO 3 )] n , 3
The atom numbering scheme is shown in Figure 7 , and selected bond distances and angles are listed in Table 5 . The insertion of the bulky methoxy group at position 6 of the 8-nitroquinoline has significant impacts on the stoichiometry, yielding a 1:1 compound, and the structure. is that the Ag(I) ion is coordinated to one quinoline and two nitrate groups in 3, whereas it is coordinated to two quinolines and one nitrate group in B.
Figure 7: Numbering scheme for compound 3, with atomic displacement ellipsoids drawn at the 50% probability level. For the symmetry codes, see Table 5 . The Ag(I) atoms are depicted as spheres. Ag1-N1 2.2700 (14) Ag1-O31 2.3467 (16) Ag1-O33 The nitrate groups are bridging, giving a 1D zigzag chain along the c-axis (Figure 8 ). Neither the silver ion nor the nitro group at N2 is co-planar with the quinoline, while the Ag(I) ions have only a weak Ag…O (NO2) interaction, with Ag-O22 being 2.646(13) Å. The packing of compound 3 is shown in Figure 8 . In addition, weak C-H…O hydrogen bonds are detected between the O-CH 3 group and the nitro group, with H…O distances of 2.762-3.270 Å. [Ag(quc)(NO 3 )] n , 4
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The atom numbering scheme for compound 4 is shown in Figure 9 . The structure of compound 4 is similar to that of compound 3, in that the Ag(I) ion coordinates one 3-quinolinecarbonitrile and two nitrate groups, forming a distorted trigonal planar coordination geometry. The Ag-N and Ag-O bond distances are shorter than those of compounds 3 and B; selected bond distances and bond angles are presented in Table 6 . The presence of a C≡N group at position 3 of the quinoline is less hindering than an NO 2 at position 8 in compounds 2 and 3, with the consequence that a lessdistorted geometry is formed. There are no interactions between the C≡N substituents and the Ag(I) ions. Instead, the C≡N groups form weak hydrogen bonds. Numbering scheme for compound 4, with atomic displacement ellipsoids drawn at the 50% probability level. The Ag(I) atoms are depicted as spheres. For the symmetry codes, see Table 6 . The bridging nitrate groups form a zigzag chain in the b direction. Hydrogen bonds of the type C-H…O and C-H…N (Table 7) connect these planar zigzag chains to form a 2D sheet in the a,b
plane (see Figure 10 ). (8) 161 Symmetry codes: (i), -x,y-1/2,-z+1/2; (ii), -x,-y+1,-z+1; (iii), -x,y+1/2,-z+1/2; (iv), -x-1,y+1/2,-z+3/2.
In addition, an Ag…Ag interaction, 3.1230 (12) Å, between the sheets extends the structure to form a complicated 3D network.
[Ag(quc) 2 ]NO 3 , 5
The atom numbering scheme for compound 5 is shown in Figure 11 , and selected bond distances and bond angles are listed in Table 8 . The Ag(I) ion is coordinated to two ligands via the nitrogen atom of the quinoline rings, to form a distorted linear geometry. Silver, N3 and O2 lie on a twofold axis. The Ag-N bond distances are longer than those reported for 4 and much longer than those of the monomeric compounds 1 and A, owing to the presence of the two bulky ligands in syn orientation to each other. There is a weak interaction between the Ag(I) ion and the nitrate group; the Ag-O1 distance is 2.635(3) Å, which is at the extreme limit for influencing the N-Ag-
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N angles, which as a consequence is close to linear at 163.62(13)°. The quinoline moieties in 5
are not co-planar, and the molecules are arranged in parallel planes whereby the Ag(I), N3, and O2 of the nitrate groups are located between these planes.
Figure 11: Numbering scheme for compound 5, with atomic displacement ellipsoids drawn at the 50% probability level. The Ag(I) atom is depicted as a sphere. For the symmetry code, see Table 8 . Hydrogen bonds of the type C-H…O and C-H…N (Table 9) Symmetry codes: (i), -x,y,-z+1/2; (ii), x,y+1,z.
[Ag(quCOOH) 2 ]NO 3 , 6
The atom numbering scheme for compound 6 is shown in Figure 13 , and the bond distances and bond angles are listed in Table 10 . The Ag(I) ion has a distorted linear geometry due to its coordination of two 6-quinoline carboxylic acid ligands via their nitrogen atoms on the quinoline rings, while the carboxylic acid group is not coordinated to the Ag(I) ion. Octahedral carboxylate compounds are normally formed when this ligand reacts with M 2+ metal ions (M 2+ = Fe, Co, Ni and Zn). 15 The structure of monomeric compound 6 is very similar to those of compounds 1 and A, although the substituents are different: NO 2 in 1 and COOH in 6. Their Ag-N bond distances and N-Ag-N bond angles of these compounds are very similar. The interaction between the Ag(I) ion and the nitrate group in 6 is very weak, and the shortest Ag…O distance is 2.7836(17) Å.
The two phenyl rings are oriented anti to each other, as in compounds A, B and 1. Figure 13 : Numbering scheme for compound 6, with atomic displacement ellipsoids drawn at the 50% probability level. Ag(I) atoms are depicted as spheres. For the symmetry code, see Table 10 . Strong hydrogen bonds of the type O-H…O (listed in Table 11 ) are formed between the -COOH groups, forming classical carboxylic acid dimeric units, and between the -OH group and one of the nitrate oxygen atoms in the structure. Ag…Ag interactions occur between the stacked molecules, Ag1…Ag1 i 3.2388(4) Å. The packing of compound 6 is shown in Figure 14 . Symmetry codes: (ii), -x+3,-y+2,-z; (iii), -x,-y+2,-z+2. 
Coordinating or non-coordinating nitrate
Nitro-quinoline compounds (1, 2 and 3) Since no strong hydrogen bond donors have been found for these compounds (the NO 2 groups are slightly hydrophilic but can only accept hydrogen bonds), the nitrate counter-ions should, in the absence of water molecules, be assembled around the Ag(I) ions. In the case of compound 1, [Ag(5-nqu) 2 ]NO 3 , the Ag(I) centers are surrounded by the nitro groups of the adjacent ligands and no direct interaction with the nitrate groups is observed; the Ag…O distance is 3.778(2) Å. This is contrary to what our theory would predict, so we need to scrutinize in greater detail the environment around the nitrate. The reason for the discrepancy becomes clear in Figure 15 , where it is shown how the polar groups in the structure have been assembled around the nitrate ion, revealing a third way to "deal with" the charged and "hard" nitrate ion. 
Intermolecular interactions and analysis of Hirshfeld surfaces
The quinoline ligands have two fused aromatic rings; the pyridine and the benzene.
Therefore, three distinct interactions can occur between the ligands: 1) benzene-benzene; 2)
benzene-pyridine; and 3) pyridine-pyridine stacking. The strongest possible π-π stacking interactions for compounds 1-6 are listed in Table 12 and compared to compounds A and B.
Hirshfeld d norm maps and curvedness maps for compounds 1-6 are shown in Figures 16 and   17 , respectively. For almost all the compounds, the three interactions are relatively strong, with the shortest average interactions being found for compound 2, which may account for the formation of the 1D chain of molecules, as shown in Figure 5 . On average, the π pyridine -π pyridine interactions are the weakest, which may be related to the steric hindrance from the silver center. 
Antibacterial activities
The antibacterial activities of compounds 1-2 and 6 were screened against 15 different clinically isolated pathogens. The MICs of the compounds were compared to the MICs of silver sulfadiazine (SS) in DMSO (Table 13 ). Given the concerns about the development of silver-resistant bacteria, it is also important to evaluate the silver efficiency of each compound by calculating the MIC in terms of g Ag/ml. In this respect, compound 2 performs slightly better than SS against this set of test organisms. The average MICs are: 4.6 g Ag/ml for 2 and 5.6 g Ag/ml for SS. The complete data are provided in the Supporting Information (Table S1 ).
In an additional experiment using standard strains of 16 16 64 Table 15 : Antibacterial activities of compound 1 and AgNO 3 presented as MICs (µg/ml).
Since not only MIC values are important in evaluating the potential of an antimicrobial compound, we also evaluated the time period over which a solution retained its ability to kill all the bacteria. For treatment with solutions of compound 1 or AgNO 3 at 5-times and 2-times the measured MICs (in Table 15 ), we saw no significant bacterial growth of S. aureus(as assessed by optical density of the culture at 650 nm) for up to 24 hours, although compound 1 tended to be the better inhibitor. When the concentrations of the antibacterial agents were decreased to the MIC, AgNO 3 seemed to perform better in terms of bacterial killing, although both compounds still showed good inhibition of bacterial growth compared to the growth curve for the non-inhibited bacteria. At 50% of the MIC, some growth of the bacteria was detected, although this growth was still considerably poorer that that or the untreated bacteria( Figure S9 ). higher activities than most β-lactam antibiotics, in addition to their DNA binding properties.
Electrospray ionization mass spectrometry (ESI-MS)
High-resolution ESI-MS was used to investigate the different ionic species in solution, giving clues as to the stability of the compound under the experimental conditions (spraying, vaporization and ionization). Two representative examples were tested; compound 3 (Ag:L = 
NMR titrations
Recently, the complexation behaviour of Ag(I) ions with different ligands in solution have been investigated by 1 H-NMR titrations in various solvents. 31 In these studies, the shift changes were usually small, for example in the study of the 1-methyl-1H-1,2,4-triazole ligand in the order of 0.05 ppm totally, 31d and the spectra are all average spectra, indicating, as expected, rapid exchange on the NMR timescale. 
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Whether or not 1:1 complex formation is important at lower Ag to ligand concentration ratios cannot be resolved based on these data. Nevertheless, we note that for compound 6, the MS data with stoichiometry of 1:1 still show exclusive 1:2 complex formation.
Conclusions
From the above-mentioned results we conclude that different substitutions have strong influences on the structural aspects, as well as the biological activities of Ag(I) compounds with quinolinetype ligands. The compounds tested show higher activities against clinical isolates of Burkholderia mallei, as compared with silver sulfadiazine. Moreover, compounds 2 and 6 have higher activities against Corynebacterium sp1 and Stenotrophomonas maltophila, and compound 6 is active against Bacillus sp2.
In complementary tests, the activities of compound 1 and silver nitrate against standard (non-
clinical isolates) Staphylococcus aureus, Pseudomonas aeruginosa, Proteus mirabilis, and
Streptococcus pyogenes isolates were compared. Compound 1 outperformed AgNO 3 both on a µg/ml basis and on a µg Ag/ml basis. Moreover, solutions of 1 retained antibacterial activity against S. aureus for at least 24 hours, as shown in the kill-time experiments.
However, it is important to stress the difference between chemical research and biological testing. Many more repetitions are needed when using biological samples, and test such as those reported here can give only preliminary indications. Compounds 1 and 2 are currently undergoing further evaluations in our laboratory.
From a structural perspective, the notion that the nitrate counter-ion in crystals of AgL n + compounds will either be hydrogen-bonded, or in the absence of strong hydrogen bond donors, coordinate to the silver ion, has to be re-evaluated. Specific weak hydrogen bonding patterns, as observed for compound 5, or interactions with polar groups, as observed for compound 1 also have to be considered.
The ESI-MS results suggest a strong preference for AgL 2 coordination in solution, even if the solid-state structure suggests otherwise. The NMR titrations indicate weaker complexation of 8-nitroquinoline, as compared to 5-nitroquinoline. 
